Cooling Systems for the Home by Brotherson, Donald E.
COOLING SYSTEMS 
FOR THE HOME 
Each year more and more homeowners equip 
their homes with a summer cooling system. 
The benefits of summer cooling are obvious-
cleaned, cooled, and dehumidified air, and COM-
FORT. With installation of a cooling system, 
the windows can be kept closed, excluding dirt, 
dust, pollen, and other disagreeable elements. 
This circular is intended to familiarize the 
homeowner with ( 1) the various methods that 
are available for cooling residences; (2) the 
types of equipment that are used; (3) the terms 
used to describe the various elements and sys-
tems; and ( 4) the operation and installation 
methods that will give the best results. It is 
not intended to be an instructional manual on 
how to design and install a coQling system. 
For information on the use of solar orien-
tation, shading, insulation, and mechanical 
ventilation for reducing the cooling load, 
see Circular G6.0, Summer Comfort. 
In order to understand how a cooling system 
operates, it is important to have some knowl-
edge of the components that make up the sys-
tem. The following terms will be used in de-
cribing the operation of the various systems. 
compressor - This is a pump and is the part 
of the system that removes the refrigerant from 
the evaporator (cooling coil) at low pressure and 
increases the pressure before sending it on to 
the condenser. 
condenser - The part of the system that re-
moves heat from the compressed refrigerant 
(gas) after it leaves the compressor, and, in the 
process of cooling it, changes the refrigerant 
into a liquid. Generally, the condenser is lo-
cated outside the house in a cabinet which con-
tains the compressor. 
expansion device - a valve or a restriction in the 
piping between the condenser and the evap-
orator. As the liquid refrigerant flows through 
the device, the pressure is reduced and the 
liquid is injected into the evaporator. 
evaporator (cooling coil) - the part of the sys-
tem which chills the air or water used for cool-
ing the house. When the pressure on the re-
frigerant is reduced at the expansion device as 
it enters the evaporator, it changes back to a 
cold gas. This cold gas on the inside of the 
cooling coil absorbs heat from the air or wa-
ter passing over the coil. This cooled air or 
chilled water is delivered to the house through 
ducts or pipes. 
COMPRESSOR-CYCLE EQUIPMENT 
Most residential cooling equipment uses a "com-
pressor-cycle" system. In compressor-cycle 
equipment, the refrigerant, usually Freon, is 
put under high pressure and high temperature 
as it passes through the compressor. 1 In the 
condenser (an arrangement of finned tubes sim-
ilar to the radiator in a car) heat is removed 
from the refrigerant by blowing outdoor air or 
pumping water over the fins, causing the re-
frigerant to condense into a liquid. At the ex-
pansion device, the pressure on the cooled liq-
uid refrigerant is sharply reduced, and as it 
enters the evaporator, another radiator-like 
device, it evaporates into a gas. As it evap-
orates, heat is taken from the surrounding air 
or water that is passing over the evaporator. 
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As room air passing over the evaporator is 
cooled, moisture in the room air will condense 
on the fins or coils and be drained away. This 
dehumidifies the air, which i a major benefit 
of summer cooling. If insufficient room air is 
flowing through the evaporator (cooling coil) the 
evaporator becomes very cold, and the coil 
temperature could fall below 32°F. If this hap-
pens, ice will form on the coil and block the 
passage of air. Cooling effectiveness is lost 
and continued operation could damage the equip-
ment. Lack of air flow can be caused by a slip-
ping or broken belt on the air blower or clogged 
air filters. Another frequent cause of icing of 
the evaporator is low refrigerant pressure, 
usually due to a leak. 
condenser 
Outside unit containing compressor and condenser 
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ABSORPTION -CYCLE EQUIPMENT 
The absorption-cycle system operates by heat, 
(commonly a gas flame ) rather than pressure, 
and uses a refrigerant that is alternately ab-
sorbed and released by an absorbent. The com-
mon systems use ammonia as refrigerant and 
water as absorbent, or water as refrigerant 
and lithium bromide solution as absorbent. 
In this system, the com pressor is replaced by 
a generator, but otherwise the process is simi-
lar to the compressor system. Heat is applied 
to the generator and the refrigerant is boiled 
out of the absorbent. The refrigerant, under 
high pressure, passes on to the condenser, 
where it is cooled and condenses into a liquid. 
From the condenser, the liquid refrigerant pas-
ses to the evaporator through an expansion de-
vice. When the pressure is reduced on the liq-
uid refrigerant, it evaporates and absorbs heat 
from the water flowing over the evaporator coil. 
The chilled water is then pumped to the cool-
ing coils or convectors in the house. The re-
frigerant, now in a vapor form, passes on to 
the absorber, where it forms the solution that 
is pumped back to the generator. 
HEAT PUMPS 
The operation of a heat pump is identical to the 
operation of compressor-cycle equipment. The 
only difference is that a valve system can be 
used to select which of two coils acts as the con-
denser and which the evaporator. 
In the summer, the equipment operates iden-
tically to the compressor equipment described 
above, with the condenser outside the house and 
the evaporator in contact with the air circulated 
within the house. 
In the winter, the functions of the coils are 
reversed and the coil inside the house becomes 
the condenser and the coil located outdoors the 
evaporator. Heat is extracted from the outdoor 
air, even when it is cold, and then transferred 
to the indoor air passing over the condenser. 
The heated air from the condenser is then dis-
tributed through the house. The system gets 
its name because it takes a quantity of heat 
from the outdoor air at low temperature, and, 
through a mechanical process, makes it pos-
sible to deliver the same quantity of heat, but 
at a much higher temperature, into the house. 
The work that is required to do this is repre-
sented by the power that is used by the com-
pressor motor. The heat output of the system 
that is useful for heating indoor air may vary 
between 1 and 5 times the heat equivalent of the 
power required to run the compressor. The 
actual ratio depends on the temperature and 
humidity of the outdoor air and of the indoor air. 
In the heating position, the coefficient of uti-
lization, or effective efficiency, goes down as 
the outdoor air temperature gets colder, until 
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it is no longer efficient to operate the equip-
ment. At this point, supplemental resistance 
heaters are switched into the system. 
For most heat pumps, air is used as the out-
door source for either extracting heat in the 
winter or rejecting heat in the summer. How-
ever, where water is available it can be used 
as a source. Heat pumps are available in room-
size or central-system size units. 
OUTSIDE HOUSE 
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DUCTED AIR COOLING SYSTEMS 
Ducted-air cooling systems afford the home own-
er the advantage of whole house cooling and air 
filtering. Night air cooling with cool outside air 
circulated through the house can also be pro-
vided where the outdoor air is of acceptable 
quality. Equipment can be obtained which re-
quires only power and duct connections for a 
complete installation. Single-unit ducted sys-
tems are usually less expensive than other 
types of complete home air conditioning sys-
tems. Simple servicing and maintenance can 
provide dependable operation. 
EQUIPMENT 
Compressor-cycle (including heat pump) and 
absorption-cycle equipment can be obtained in 
the following combinations for use with an air 
duct system: 
Remote Air Conditioning Units 
Furnace-mounted cooling coils connected to a 
remote outdoor compressor-condenser unit. 
This equipment consists of evaporator coils 
mounted in a furnace plenum (up-flow or down-
flow) and utilizes the furnace blower to move 
air through the coils. The indoor coils are con-
nected to the outdoor compressor- condenser 
unit by piping which carries the refrigerant. 
Independent evaporator unit. This equipment 
consists of a blower, cooling coils, and filter 
combined in a package independent of the heat-
ing system, which is connected to an outdoor 
compressor-condenser unit by piping. It may 
be connected to an existing duct system or to a 
separate duct system for cooling. 
Self-contained Air-Conditioning Unit 
In this type of equipment, the evaporator, blow-
er, filter, compressor, and condensing unit 
are combined in one package located outside the 
Upflow furnace-mounted system 
Downflow furnace-mounted system 
Page 4 
Independent horizontal-flow system 
house. No external piping is necessary. Open-
ings are required for the two ducts that carry 
the warm return air and the cool supply air into 
the building. 
While each type of ducted unit offers particular 
advantages for specific installation problems, 
all can provide satisfactory comfort perform-
ance when they are properly designed and 
installed. 
DUCT SYSTEMS 
The air distribution system may be used for 
both heating and cooling, or as a separate duct 
system for cooling alone. 
Combined year-'round system 
For many installations, a heating duct system 
may be used in conjunction with central air con-
For a combined heating-cooling system, the best 
type of air outlet is a floor or baseboard register 
which directs the air vertically, located along the 
outside wall, preferably under a window 
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ditioning. Summer cooling, however, often re-
quires as much as twice the air circulation re-
quired for heating; therefore, the duct sizes 
must be adequate to handle the larger air quan-
tities. In a year-'round air conditioning sys-
tem, the duct sizing and blower for air circula-
tion are based on summer cooling requirements. 
Since warm air rises toward the ceiling and 
cool air falls towards the floor, it is preferable 
to introduce heated air into a room at a low 
level, and cooling air at a high level. In a com-
bined system, the best compromise is a floor or 
baseboard outlet which directs the air flow up-
ward with sufficient velocity to reach the ceiling. 
Advantages 
• Easier to install 
• Lower installation costs 
• Less space required 
Disadvantages 
• May require damper adjustments each 
season to condition rooms evenly 
• May require blower speed adjustments each 
season 
• Uncomfortable drafts may occur when cooling 
with a system having low outlets 
Design and Installation Use Manual 6, Adjust-
ing Air Conditioning Systems for Maximum Com-
fort; Manual 8, Application Guide for Residen-
tial Central Air Conditioning Systems; and 
Manual 9, Code and Manual for the Design and 
Installation of Warm Air and Year 'Round Air 
Conditioning Sy.,·tems, obtainable from NESCA. 
(See page 7 for address) 
Separate Cooling Systems 
Separate, overhead duct systems are frequently 
installed for central summer air conditioning. 
Supply outlets should be located in the ceiling or 
high on outside or inside walls. Air may be re-
turned through a single central intake in a small, 
rectangular, one-story home, or by multiple 
intakes for larger structures. Return-air in-
takes are usually located in the ceiling of a hall-
way or high on an inside wall. Ducts located 
in unconditioned spaces, (especially attics ) must 
be well insulated to reduce heat gains and avoid 
moisture condensation. -
Advantages 
• Simpler duct system 
• No seasonal rebalancing 
• Less possibility of drafts since the system is 
designed for cooling 
• Can be installed in homes with existing heat-
ing systems that are not readily adaptable to 
cooling 
Disadvantages 
• Higher installation costs 
• Uses more space 
• If used, servicing of attic or roof-mounted 
equipment may not be convenient 
Design and Installation Use NESCA Manual 6, 
Adjusting Air Conditioning Systems for Maxi-
mum Com fort; Manual 8, Application Guide for 
Residential Central Air Conditioning Systems; 
and section 6 of Manual 11, Summer Air Con-
ditioning. 
When the cooling unit is installed in the attic, a 
metal pan with a separate drain should be installed 
under the unit to catch the overflowing water if the 
condensate drain should become clogged. 
CHILLED WATER SYSTEMS 
Chilled water systems can be used separately 
or combined with hydronic heating systems to 
provide summer cooling. A water chiller may 
be added to an existing piping system, or an in-
dependent piping system may be installed to 
take the chilled water to those points in the 
house where cooling is required. Servicing and 
maintenance are not difficult, and a dependable 
system can be provided. The cost of piped 
chilled-water systems is usually more expen-
sive than other types of central home air con-
ditioning systems. 
EQUIPMENT 
Both compressor-cycle and 
water chillers are available. 
absorption-cycle 
The condenser 
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and chiller coil may be located remotely, or 
can be contained in one unit. 
Fan-coil Units 
Fan-coil units consist of a coil through which 
chilled water is circulated, a fan for circu-
lating the air over the coil, and a filter ar-
rangement for removing dust and dirt from the 
air. All this equipment is located within a 
cabinet or an enclosure. Fan-coil units may be 
designed for the circulation of either chilled 
water for cooling or hot water for heating. 
Variation in the amount of cooling is sometimes 
provided by the use of a multiple-speed fan 
motor. Filters are located on the inlet side of 
the cabinet or enclosure so that dirt and dust 
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are removed from the air before the air is 
circulated over the coil. 
Fan-coils may be installed in cabinets beneath 
the windows, or the unit may be recessed be-
tween the stud spaces in a wall. There are 
also units that are designed to be located at or 
above the ceiling. With this location, it is 
sometimes possible to add short ducts so that 
a single unit can cool several rooms. A fan-coil 
unit will reduce both temperature and humidity. 
A drain system is needed in conjunction with 
the fan-coil unit to pipe the water removed from 
the room air to a drain. 
A fan-coil system located at or above the 
ceiling may be used for both heating and cool-
ing in locations where the winters are relative-
ly mild and no unusually large glass areas are 
present. Where heating loads are large, due 
to cold climates, poorly insulated homes, or 
unusually large glass areas, the winter per-
formance of the fan-coil system is not as sat-
isfactory as other types of hydronic heating. 
Under these conditions, maximum comfort 
conditions for both summer and winter is eas-
ier to obtain by the use of separate heating 
and cooling systems. 
Combined Systems 
It is possible to combine heating and cooling 
systems using chilled or hot water by locating 
the fin-tube equipment near the ceiling line so 
that is has an appearance of a continuous val-
ance along the outside walls. This system has 
proven successful for both heating and cooling 
operations where there are no unusually large 
glass areas. With large glass areas, supple-
mental fin-tube units must be installed be-
neath the glass areas for heating. The system 
uses the same piping for both hot water and 
chilled water. However, the piping must be in-
sulated with a vapor-proof material to prevent 
condensation during the cooling months. Provi-
sions must be made to drain the condensate 
from the trough extending along the bottom of 
the valance units. This system is designed for 
new installations. 
· Cabinet-type fan-coil unit 
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A finned-tube system mounted near the ceiling can 
be used for both heating and cooling if a drain is 
provided for the condensate trough 
Separate Cooling Systems 
It is also possible to install an independent 
chilled-water cooling system that utilizes a 
piping arrangement separate from that of the 
heating system. This method may be used with 
any type of heating arrangement since it is in-
dependent of the heating and permits both the 
heating and cooling systems to be designed for 
maximum performance. One or two fan-coil 
units are used, and these are connected by 
simple duct work to ceiling or high-sidewall 
registers in each room. The fan-coil units 
may be located in the attic, above a dropped 
ceiling, or any other convenient place in the 
house. The water chiller is usually located 
in the basement or utility room. This type of 
system can be employed in homes in which the 
heating system has already been installed 
and it is impractical to adapt the existing sys-
tem to cooling. 
A fan-coil unit mounted above a dropped ceiling can 
serve several rooms with a short duct system 
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INSTALLATION AND OPERATION 
To be assured of a quiet, comfortable, and de-
pendable air conditioning system, the home-
owner should be aware of some of the general 
installation and operating recommendations sug-
gested by manufacturers of cooling equipment. 
While local codes and ordinances may alter 
some of the following suggestions, these instruc-
tions are almost universally acceptable. 
SIZING OF EQUIPMENT 
Equipment should be selected so that its cool-
ing capacity will be matched, as closely as pos-
sible, to the calculated heat gain of the dwelling. 
A standard method of calculating cooling loads 
is contained in Manual J, distributed by the Na-
tional Environmental Systems Contractors As-
sociation, 221 N. LaSalle Street, Chicago, Illi-
nois 60601, and Guide C-30 published by the 
Hydronics Institute, 35 Russo Place, Berkeley 
Heights, New Jersey 07922. Both will give com-
parable results. 
Unlike heating systems, cooling systems should 
not be oversized, but work best slightly under-
sized. This is because a major benefit of cool-
ing is dehumidification, except in desert climates. 
In order to dehumidify the air passing over it, 
the evaporator must be kept cold, which means 
the compressor should run almost continously for 
maximum comfort. 
LOCATION OF OUTDOOR UNIT 
Correct location of the outdoor compressor-
condenser unit is important from two aspects. 
First, the unit makes noise, although some types 
are quieter than others. It is essential that the 
unit be located so it will not disturb neighbors. 
Noisy air conditioners have been adjudged nui-
sances. The sounds of intermittent operation 
are particularly annoying to someone trying to 
sleep in a room with windows open near the 
source of noise. If the unit must be located 
near adjoining buildings, it should be screened 
with a solid fence and/or landscaping to reduce 
or deflect the sound. 
The second factor in condenser-compressor 
unit location is heat-it should be in the coolest 
location that is practical, preferably on the 
north side of the building, or in the shade. The 
cooler the air entering the condenser, the more 
efficient it is. In many cases, the landscaping 
which conceals the sound barrier can also 
shade the condenser. 
OPERATION 
The homeowners first impulse after installing 
a central cooling system is to use it as little 
as possible. This comes as a result of worry 
over operating costs or concern over odor ac-
cumulation and a desire to "ventilate the house". 
A summer cooling system should be operated 
in much the same fashion as a winter heating 
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system. The house should be close~ most of 
the time. Instead of turning the unit on and off 
by switch, the unit should be controled by the 
thermostat. If the house is left open until the 
indoor temperature becomes uncomfortable, it 
will take a considerable length of time before 
the cooling system can "catch-up" and before 
there is any noticeable change in humidity and 
temperature. On some cases it may be far in-
to the evening before any effect is noticed. 
Opening the windows after sunset allows con-
siderable amounts of humid air to enter the 
house, undoing; all the work of the cooling system. 
(There are a few days in early spring or fall 
when outdoor humidities are low that would be 
exceptions to the above statement.) 
Unusually tight houses could present odor 
problems in the summer. Odors from cooking, 
smoking;, and living; can accumulate more readily 
in the summer since natural ventilation (in-
filtration) is not as high. Rather than open 
windows to introduce outside air, it is better to 
provide exhaust fans in kitchens and bathrooms 
to remove odors and moisture at the source. 
Smoking is probably the most difficult odor 
to control. It is practically impossible to main-
tain a fresh indoor atmosphere in houses where 
smoking takes place. It is possible to intro-
duce large amounts of ventilation air into the 
cooling system, but few homeowners would be 
willing to pay the cost of the installation and 
operation of such a system. An electronic air 
cleaner will remove some of the smoke that 
passes through it but will not remove the odor. 
For those who insist on minimum system op-
eration, this procedure should be followed: 
If night cooling by outdoor air is used, the 
house should be closed in the morning before the 
indoor temperature rises. In a well-insulated, 
shaded house the indoor temperature will not 
rise as quickly as that of the outdoor air. The 
system should then be "switched on" and the 
thermostat allowed to control it. 
A solid fence and shrubbery can deflect sound from 
adjoining houses and shade the outdoor unit 
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ROOM UNITS 
Window units or through-the-wall units may be 
used to cool small areas within a house, or 
even small housing units such as apartments. 
The window units fit into the opening of a 
double-hung window, and special units are 
available for installation in casement windows. 
The units vary in cooling capacity from as 
small as 5,000 Btuh to 35,000 Btuh 0 • Room 
air is circulated through the unit, where it is 
cooled, dehumidified, and filtered. A con-
densate drain is not necessary since the mois-
ture condensed from the air is evaporated in-
to the outdoor air. The units are electrically 
operated, and many of the small ones can 
be plugged into existing electrical outlets. The 
larger units require 220-240 volts and use up 
to 20 amperes of electricity. These require a 
separate circuit that is installed particularly 
for the air conditioning unit. 
Through-the-wall units are simply window 
units that have been provided with a metal 
sleeve that is built into the wall, which makes 
the installation more permanent. The chief 
advantage of the through-the-wall unit is that 
the window is not obstructed by the air condi-
tioning unit, and the unit may be placed high on 
the wall so that the distribution of the cooled 
air is more efficient. The chief disadvantage 
of the through-the-wall unit is that when the 
unit must be replaced after .some years of serv-
•sritish thermal units per hour. 12,000 Btuh = one ton cooling capacity. 
Typical room air-conditioning unit 
EVAPORATIVE COOLING 
Evaporative coolers are designed to take ad-
vantage of nature's system of cooling air by 
evaporation of water. When water evaporates, 
heat is removed from the air. 
A typical evaporative cooler consists of a 
cabinet containing a filter pad and a fan. The 
fan draws outdoor air though the filter pad, 
which is kept moist with water. Through the 
evaporation of this water, the air in the cab-
inet is cooled. The air is then circulated 
through the house. 
Since the outdoor air must be relatively dry, 








ice it may be difficult to find another unit that 
will fit the sleeve. Some manufacturers have 
standardized the size of the sleeves, but there 
are still many non-standard units. 
It is desirable to install room air condition-
ing units in the east or north walls of a house 
when possible, because the outside temperature 
is lower during the hottest part of the day. The 
operation of the room unit is similar to that of 
a central system, although it is possible to run 
only those units where cooling is required and 
not to cool the entire house. Since the unit is 
located almost completely in the space that is 
cooling, the noise of the fan and compressor 
operation is very often objectionable, partic-
ularly in bedroom areas. 
dry areas such as the southwestern part of the 
United States. It is not recommended for areas 
of high humidity (black areas on map). 
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